relationship between the exercising muscle and non-exercising organ blood flow has been observed., 2 The effect of exercise on skin blood flow is more complex because of the balance between the need for vasodilatation to eliminate heat produced and the tendency towards vasoconstriction due to the increased sympathetic discharge depending on the intensity and duration of exercise.2) However, non-exercising limb blood flow is unique in that it is easily accessible for measurement.
Toe or finger temperature measurement at rest has been widely used as an indicator of impaired peripheral circulation in shock. 3 In clinical exercise testing, cold sweaty skin has been described as one of the clinical signs indicating impending circulatory failure or a near-maximal point.4) However, no attempt has been made so far to utilize this parameter systematically and quantitatively in exercise testing. In this study, we assessed the feasibility of temperature monitoring of the hand during treadmill exercise as an index of impaired peripheral circulation and its utility in evaluating exercise capacity and severity of heart disease.
MATERIAL AND MTHODS
Materials: The subjects consisted of 13 healthy volunteers (Group A: age 43 13, meanSD), 10 cardiac patients with mild to moderate functional disability of New York Heart Association functional classification (NYHA) I and II (Group B: age 4315, myocardiopathy 2 and valvular heart disease 8), and 10 cardiac patients with severe functional disabilities of NYHA III (Group C: age 5410, cardiomyopathy 4 and valvular heart disease 6).
Methods: The temperatures of the palm and forehead were measured by the core-thermistor developed by Fox 5) and modified by Togawa6) (CORE-TEMP, TERUMO).
By the heat compensation technique, the type PD3 (diameter 8mm) measures to a depth of 5mm from the skin, and the type PD 1 (diameter 12mm), 10mm from the skin. The accuracy of the thermistor is0.1.
After attaching the thermistor to the skin (palm and forehead), it takes approximately 10-20min before the equilibrium temperature is obtained. Therefore, the subjects rested in the supine position and exercise was begun after the temperature stabilized. The temperature was read from the digital display every minute.
Exercise protocol #1 (treadmill): All subjects underwent treadmill exercise. The first three stages of the exercise protocol, developed by us for patients with compensated heart failure, were used for both normal and cardiac subjects. The slope and speed of stages 0, 1, 2 were respectively as follows: 0%, 1.1 mph; 10%, 1.1 mph; 12%, 1.6 mph (each stage 3min). The oxygen consumption (ml/Kg/min) at each stage was as follows: 8.9, 12.8, 17.1.7) The total duration of exercise was 9min both in normal and cardiac patients. Temperature was measured at the palm, and at the forehead as a reference for the core temperature. EKG was monitored continuously at CM5. Blood pressure was measured with a cuff at 1min intervals. Blood samples for plasma norepinephrine (NE), epinephrine (E) and renin activity (PRA) were taken from the antecubital vein before exercise (after 25min of supine bed rest) and also 2min after the cessation of exercise in the supine position. Plasma NE and E were determined spectrofluorometrically using the trihydroxyindole method (Shimadzu spectrofluorometer RF-500 LCA).8) PRA was determined by radioimmunoassay (Haber).
The temperature of the palm and forehead usually dropped by a variable degree on standing from the supine position. For this reason, the treadmill exercise was started after the stabilization of the temperature.
Analysis of the palm temperature pattern during and after exercise: A schematic representation of the general pattern of the changes in palm temperature is shown in Fig.1 .
To aid in analysis of the temperature changes during exercise, the following three parameters were chosen and defined as shown in Fig.1 . Decrease time (DT, endpoint time of decrease) was defined as the elapsed time from the onset of exercise to the point of maximal temperature reduction during or after exercise. Increase time (IT, onset time of increase) was defined as the elapsed time from the onset of exercise to the onset of temperature rise. Recovery time (RT, recovery point time) was defined as the elapsed time from the onset of exercise to the point where the temperature returns to the pre-exercise level after the exercise. When recovery of the temperature to the control level was not observed during the post-exercise observation period, RT was obtained by extrapolation.
Exercise protocol #2 (supine ergometer): In 5 healthy subjects and 5 cardiac subjects (NYHA I or II), palm temperature and combined forearm and hand blood flow were measured during supine ergometer exercise. A type PD3 thermistor was attached to the left palm (thenar eminence). A mercury strain-gauge plethysmograph was attached to the right forearm, to represent both forearm and hand blood flow; an occlusion cuff at the wrist was not used. Ergometer exercise was done at three successive 3-min stages; 150kpm, 300kpm and 450kpm. Both normal and cardiac subjects exercised for 9min.
During exercise, EKG was monitored at CM5. Statistical analysis: Paired t-tests were used for paired comparisons. Analysis of variance was used to compare data of more than 2 groups. After that, between-group comparisons were done with a modified t-test (Bonferroni).
Jpn. Heart J. September 1985 REULTS 1. Treadmill exercise 1) Reproducibility and stability of the temperature pattern The reproducibility of the palm temperature pattern during and after exercise was evaluated in 5 normal and 6 cardiac subjects using the temperature indices as defined above (Fig.1) .
The reproducibility was evaluated in two ways: (1) the percent difference calculated as (#1-#2)/#1 measurement (%), and (2) the absolute difference calculated as #1-#2 measurement (min). Variation was expressed as the mean1 standard deviation (SD). The reproducibility for the percent and absolute differences were: -27.342.6% and -1 .12.1min
for DT, 4.219.1% and 0.72.2min for IT and -4.524.4% and -0.73.8min
for RT for the whole group. There was no significant perature below 23 usually yielded poor reproducibility due to a downward drift of the palm temperature during the control and exercise periods. However, even at higher room temperatures, an erratic downward drift of the control palm temperature was occasionally observed. The experiments at room temperatures 25-27 had the least drift. 2) Palm temperature pattern in the normal and cardiac subjects Blood pressure and heart rate changes during treadmill exercise in healthy and cardiac subjects are summarized in Table I . There were no statistical differences in the mean room temperatures at which the exercise tests were done for the different groups (A: 24.91.1; B: 24.20.9;
and C: 24.41.5, respectively). Forehead temperature before exercise was significantly lower in Group C. There were no significant differences in the mean palm temperature before exercise between groups (Table II) .
The mean palm temperature changes during treadmill exercise in Groups A, B and C are shown in Fig.2 . In Group A, the temperature decrease during exercise tended to level off near the end of exercise, and after exercise a rebound phenomenon was observed. In Group C, the temperature decreased progressively during exercise. This decrease continued well after the exercise and the return to the pre-exercise level was slow. A rebound phenomenon was not observed during the 10min post-exercise observation period. Group B exhibited an intermediate pattern. Therefore, as shown in Fig.3 , DT, IT and RT were most prolonged in Group C. The absolute decrease in palm temperature was not as useful as the time-sequence changes, because of the large variability (Table II) . The forehead temperature changes during or after exercise were usually very small.
3) Changes in plasma catecholamine levels and renin activity during treadmill exercise (Table III) NE was significantly higher in Group C both before and immediately after exercise; E showed a similar trend. PRA was also highest in Group C. The absolute changes in NE values in Groups A, B and C induced by exercise were 253129, 351256 and 901947pg/ml, respectively (A vs C, p<0.05). PRA also showed a similar trend. The correlation between temperature changes and plasma vasoconstrictor substances is shown in Table  IV . The best correlations were obtained between resting NE, PRA and postexercise temperature indices, and also between post-exercise NE, PRA and post-exercise temperature indices, suggesting a close relationship between vasoconstrictor substances and peripheral temperature changes.
2. Ergometer exercise Fig.4 shows the changes in hand and forearm blood flow and the changes in the palm temperature during supine ergometer exercise. The temperature changes observed were essentially the same as in treadmill exercise. In healthy subjects, the initial temperature decrease leveled off towards the end of exercise; after exercise it returned to the pre-exercise level followed by a rebound phenomenon. In cardiac patients the temperature decrease was progressive and continued even after the cessation of exercise. A rebound phenomenon was not observed within 10min of the post-exercise period.
The simultaneous blood flow measurements paralleled the temperature data. After an initial decrease, it leveled off and gradually rose to the preexercise level. Immediately after exercise, a marked rebound phenomenon was observed in healthy subjects. In cardiac subjects, though, the blood flow progressively decreased during exercise and the return to the pre-exercise level was delayed after exercise. In general, no prominent rebound phenomenon was seen.
Table V summarizes decrease time (DT) and the palm temperature changes at DT as the blood flow changes in the normal and cardiac subjects. The palm temperature change during and after exercise were closely related to the blood flow changes with some delay.
DICUSION
Exercise causes a re-distribution of blood flow. As the blood flow to exercising muscles increases, the flow to a non-exercising limb and organs such as the liver and kidney decreases.1),2) In cardiac patients , the decrease is more prominent that in normal subjects.9) However , the general skin blood flow response is more complex than the relatively straightfoward decrease observed in internal organs, because it serves as a heat eliminating system for the heat load generated during exercise.
Since intense exercise invariably induces markedly increased sympathetic discharge which should cause skin vasoconstriction, the skin blood flow response to exercise has two components. The different functional states of the heart may cause a different skin blood flow response to the same work load , depending upon the balance between a sympathetic vasoconstrictor mechanism and a heat-mediated vasodilator mechanism. The establishment of an easy method to measure the flow response during exercise testing would be of great aid as an on-line monitor of the functional state of the heart.
In this study, we measured the palm temperature changes during treadmill exercise in 3 different groups of subjects whose clinical cardiac state varied from normal to NYHA III. A pattern which corresponded to the severity of heart disease was observed. The correlation between the level of the plasma vasoconstrictor substances and the palm temperature changes suggested a role of the sympathetic nervous system in determining the blood flow in the non-exercising limb. At rest a decreased finger heat discharge has been demonstrated in heart failure by calorimetry.10)
We also demonstrated that during the supine ergometer exercise the non-exercising forearm and hand blood flow tended to level off after an initial decrease and then began to rise even though the exercise intensity progressively increased in normal subjects. This suggests that the need for eliminating heat overrides the vasoconstrictor response, which is still slight at this work load in normal subjects. However, with the same work load in cardiac subjects, the blood flow tended to decrease progressively throughout and even after exercise, suggesting an overriding vasoconstrictor response. This implies that the same work load was probably close to the maximal work load for these cardiac patients. The palm temperature changes closely followed the blood flow changes during and after exercise with some delay, and approximately reflected the blood flow changes. Theoretically, under a given condition, the palm temperature changes should be the net result of the blood flow, the core temperature changes and evaporative heat loss during exercise. However, the observed correlation between the temperature and the blood flow changes indicate the core temperature change was comparatively small (as suggested by the forehead temperature change) and masked by a greater change in the blood flow. Sweating was also limited in this short-term, low-load exercise test. This suggests the use of this simple parameter in place of more complicated blood flow measurements. However, Shellock et al11) recently reported that during short-term maximal exercise, the core temperature rose in healthy subjects, but decreased in cardiac patients. This indicates that during maximal exercise, the core temperature changes may greatly modify the peripheral temperature changes.
Although a transient decrease in non-exercising limb blood flow during leg exercise has been reported, and a steady-state relationship between the skin and core-temperature has been examined by many investigators,12) there has not been a previous quantitative study employing peripheral temperature monitoring during exercise testing. The simplicity of palm temperature monitoring during exercise as an indicator of vasoconstrictive response or as a non-invasive substitute for plasma catecholamine response is a very attractive concept. However, several problems were encountered in the study. First, although the mean palm temperature response was clearly different between the normal and the cardiac subjects, the reproducibility of the individual response was dependent on the environment. Skin temperature is known to be dependent on the environmental temperature.
In this study, our experimental subjects first entered the room and removed clothes from the upper part of the body. These two procedures apparently started a variable downward drifting of the baseline palm temperature, which depended upon the room temperature and the individual's sensitivity to the cold. Although the experiment was done when the room temperature was 23-27, the drifting of the palm temperature before exercise was sometimes very prolonged and adequate stabilization was difficult to obtain. Positional changes (e.g., from supine to standing) also induced unpredictable degrees of drift to a lower temperature. The time it took to obtain a stable pre-exercise baseline was the greatest limitation of this method. However, these limitations may be overcome by either conducting the experiment in a temperature-controlled warm environment, by some pre-exercise manuevers or by extending the exercise to the maximal point. The effect of acclimatization on the exercise temperature change in the individual subject was not assessed in this study. However, the individual variation in this respect was not large enough to override the effect of cardiac disability.
In summary, the quantification of peripheral blood flow changes in a non-exercising limb during exercise testing is feasible by the use of a thermistor on the palm. It is a simple and useful method to monitor the vasoconstrictor response to exercise, and therefore indirectly the exercise tolerance of normal subjects and cardiac patients. It may also serve as an approximate , non-invasive substitute for the plasma catecholamine response during exercise .
